Camptothecin, a novel, naturally-occurring pyrrolo(3,4-b)-quinoline alkaloid, and its analogues (collectively known as camptothecins) possess interesting chemistry and important anticancer and antiviral properties. The isolation of various known and unknown camptothecins from the Indian plant Nothapodytes foetida (Wight) Sleumer (Icacinaceae) and our studies on their chemical and biochemical modifications are briefly reviewed.
Investigation on natural anticancer agents is an important subject of current research all over the world. Cancer is a growing public health menace and has been a major killer of humans. One of the most impressive natural anticancer molecules of the recent years is camptothecin (1) [1] . The compound was originally isolated from a rare Chinese plant, Camptotheca acuminata Decne. (Nyssaceae) under the anticancer agents screening program carried out by the National Cancer Institute, USA. The Indian plant Nothapodytes foetida (Wight) Sleumer (formerly, Mappia foetida (Wight) Miers) (Icacinaceae) has been found to be an important source of this alkaloid [2, 3] . The structure was established from spectral properties, chemical modifications and X-ray crystallographic analysis. The stereochemistry at C-20 (the only chiral center of the molecule) was determined as (S) [1] . Several analogues of camptothecin (collectively known as camptothecins) have been reported from natural sources [4] . These natural camptothecins contain hydroxy or methoxy groups at C-9, C-10, C-11 and C-18. 9-Methoxycamptothecin has generally been found in the sources containing camptothecin. In some natural camptothecins, modifications (such as deoxygenation and acylation) at C-20 have been observed. The E-ring decarboxylated camptothecins have also been identified from natural sources [4] .
Camptothecin (1) is well-known for its potent antileukemic and antitumour properties [5] [6] [7] . It showed significant activity against P-388 cells and B-16 melanocarcinoma and moderate cytotoxicity against KB cell culture with ED 50 of 0.07 μg/mL. Camptothecin is useful for treatment of liver carcinoma and tumors of head and neck. The alkaloid possesses a unique mechanism of action. It acts as an inhibitor of DNA topoisomerase-I [8] [9] [10] [11] .
Camptothecin also inhibits retroviruses, such as human immunodeficiency virus and the equine infectious anemia virus [12] . The anti-HIV activity of the compound is due to the inhibition of Tatmediated transcription from the viral promoter. Recently, it has shown promising results against trypanosomes and leishmania [13] . However, the major problem associated with the compound is its high toxicity and poor solubility.
Several natural analogues of camptothecin have been screened for their anticancer property. However, to the best of our knowledge, no other alkaloid has been found to exhibit better or even equal activity to camptothecin. Several modifications of camptothecin have also been investigated. More attention was given to the water-soluble analogues. Several novel derivatives bonding the phenolic hydroxyl group of 7-ethyl-10-hydroxycamptothecin (derived synthetically from camptothecin) with diamines through a monocarbamate linkage were synthesized. Some of the derivatives were prepared keeping intact the hydroxyl group of 10-hydroxycamptothecin and inserting various amino groups at C-8 [14] [15] [16] . All of these analogues were converted into water-soluble hydrochloride salts. The compounds were thoroughly tested for their anticancer activity. As a result, two improved analogues, irinotecan (CPT-11) [14, 15, [17] [18] [19] [20] (2) and topotecan (hycamtin) [16] [17] [18] [19] [20] (3) having higher activity, better solubility and lower toxicity have been introduced in the clinic. Both of the compounds possess broad spectrum activity in various tumor modes [14] [15] [16] . As aqueous solutions, they are injectable intravenously to a human body. Irinotecan has been approved in Japan for the treatment of lung, cervical and ovarian cancers. In India the work on camptothecins was initiated by Professor Govindachari [2] . However, the major work has been carried out by our group [21] . Here, we describe in brief our studies on camptothecins including both isolation and synthetic efforts.
Investigation on camptothecins of Nothapodytes foetida
Nothapodytes foetida is a small tree, sometimes a shrub, abundant in the Western Ghat of India. The plant has a shady head and gray, wrinkled bark. The leaves are ovate-oblong and crowded towards ends of branches. The yellowish flowers possess a strongly foetid aroma. The purple, small ellipsoidal fruits contain yellow-white seeds enclosed in a stony-hard shell. The biological screening of the species proved [22, 23] its promising anticancer activity.
The plant was thoroughly studied by us for its anticancer constituents. The shade-dried powdered stems were first extracted with hexane using a Soxhlet apparatus. The defatted plant materials were then re-extracted with acetone again using the same apparatus. The concentrated acetone extract was subjected to column chromatography over silica gel to afford several camptothecins ( Table 1 ). [26] Camptothecin (1) was isolated as the major constituent (yield: 0.11%) and 9methoxycamptothecin (4) was the next abundant (yield: 0.015%). The other alkaloids were minor. 20-O-acetyl-9-methoxycamptothecin (6) was isolated for the first time from a natural source and 9methoxymappicine (10) was identified as a new alkaloid. A large-scale isolation method of camptothecin (1) and 9-methoxy-camptothecin (4) from Nothapodytes foetida was developed [27] by us using solvent extraction techniques. The method is economical and viable for industrial purposes.
Camptothecin (1), 9-methoxycamptothecin (4) and mappicine (9) were reported [2, 28] earlier by professor Govindachari and his group from the same species. Subsequently, some other groups (mentioned in reference 4) also investigated the chemical constituents of the plant and reported the isolation of these alkaloids, 20-O-acetylcamptothecin (5) [29] , mappicine ketone (7) [30] and 9-methoxymappicine ketone (8) [30] were isolated previously by Chinese groups. However, all the alkaloids mentioned in Table 1 were not reported form Nothapodytes foetida by any other group. The structures of all the isolated camptothecins were established by us from their spectral data and chemical transformations. The effects of different solvent systems on the 1 H NMR spectra of camptothecins were first noted by us [3] . In DMSOd 6 the H 2 -17 of camptothecin (1) appeared as a singlet while in C 5 H 5 N-d 6 , DMSO-d 6 +CDCl 3 and DMSO-d 6 + CH 3 OH-d 4 these two protons became non-equivalent with different values of the coupling constant (J = 17.0-2.5 H Z ). The similar behavior in the magnetic field was also observed for H 2 -17 of 9methoxycamptothecin (4) in different solvent systems. However, in 20-O-acetylcamptothecin (5) they always appeared as non-equivalent in any solvent.
Mappicine ketone (7), 9-methoxymappicine ketone (8), mappicine (9) and 9-methoxymappicine (10) are the naturally occurring E-ring modified analogues of camptothecin (1) . It has been observed that camptothecin (1), 9-methoxycamptothecin (4) and 20-O-acetyl camptothecin (5) possess significant anticancer activity [2, 3, [5] [6] [7] while the analogues, 7-10 are weak in respect to this property. This result clearly indicates the importance of the E-ring of camptothecins for their structure-activity relationship. However, mappicine ketone (7) has recently been identified as an antiviral lead. It exhibits significant activity against the herpes viruses (HSV-1 and HSV-2) and human cytomegalovirus (HCMV) [31, 32] .
Mappicine ketone (7) was treated [33] with NaBH 4 in MeOH to produce racemic mappicine (12) (yield: 98%). The latter was oxidized with PCC in CH 2 Cl 2 to convert it again into mappicine ketone (7) (yield: 67%) (Scheme 1).
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Scheme 1: Reduction of mappicine ketone (7) and oxidation of (±)mappicine (12) .
During large-scale isolation of camptothecin from Nothapodytes foetida a minor rare indole base, 5-methoxy-1-oxo-tetrahydro-β-carboline (11) was isolated [26] . The isolation of this alkaloid is biogenetically significant, as it represents the upper half of a biogenetic intermediate of camptothecins, the strictosidine derivative 13. The occurrence of 11 in the same plant which produces camptothecins provides an evidence of the formation of latter through indole precursors via strictosidine derivatives which are subsequently converted into pyrroloquinolines [34, 35] (Scheme 2). 
Synthetic studies on camptothecins
The molecular modifications of camptothecins are useful to generate their natural and un-natural analogues. The E-ring hydroxylactone of these compounds is the most critical structural feature with respect to their anticancer property. However, decarboxylated E-ring analogues are promising antiviral compounds. We carried out various transformations of camptothecins keeping intact their E-ring and also modifying this ring. Ring B as well as ring C modifications of camptothecins were also accomplished. All of these modifications were carried out successfully using chemical and biochemical means [21, 36] .
One of the important reactions of camptothecins thoroughly investigated by us is acetylation. LiBr was found to be an efficient catalyst for the acetylation of these compounds with Ac 2 O at room temperature (yields: 62-67% for camptothecins with E-ring intact and 89-92% for mappicines) (Scheme 3) [37] . This method is useful for the preparation of lipophilic acetylated analogues of camptothecins. Previously acetylation of camptothecin was carried out with Ac 2 O / pyridine under reflux [2] .The conversion of camptothecins into mappicine ketones was studied following different convenient methods. Camptothecin (1) when treated with BF 3 ·OEt 2 in THF at room temperature for 1.5 h or with NaHSO 4 ·SiO 2 in THF under reflux for 2.5 h afforded mappicine ketone (7) (yield: 65% and 68%, respectively) [38, 39] . Similarly, 9-methoxycamptothecin (4) was converted into 9-methoxymappicine ketone (8) (yield: 66 and 67% using BF 3 ·OEt 2 and NaHSO 4 ·SiO 2 , respectively) following a similar process. The most efficient method involved microwave irradiation (M.W). Camptothecin (1) and 9-methoxycamptothecin (4) were irradiated without any solvent under microwave irradiation for 7 min to form mappicine ketone (yield: 96%) and 9methoxymappicine ketone (yield: 95%), respectively (Scheme 4) [38] .
The conversion was very rapid and inexpensive. This high-yielding transformation did not form any undesirable side product. The experimental procedure is simple and the process is environmentally benign. Mappicine ketone (7) was prepared earlier by Kingsbury [40] as the reaction product when camptothecin (1) was heated at 110-120ºC in the presence of sodium azide. An interesting transformation of camptothecin (1) was observed when this alkaloid along with maleic anhydride was irradiated for 9 min. under microwave irradiation [41] . Two unprecedented adducts, 19 and 20 were formed (Scheme 8). The first adduct was formed by involvement of the B-ring of camptothecin with maleic anhydride, while the other adduct was produced by the involvement of the C-ring of the alkaloid with the dienophile. During the formation of these adducts, simultaneous decarboxylation of the E-ring of camptothecin also occurred. Mappicine ketone (7) also underwent a similar reaction with maleic anhydride under microwave irradiation for 9 min. to produce the same adducts 19 and 20. The structures and stereochemistry of the endoadducts 19 and 20 were established [41] from detailed spectroscopic analysis and computational studies. The adducts were formed by the Diels-Alder reaction of camptothecin (1) and mappicine ketone (7) , possibly through the intermediate 21 under microwave irradiation. However, this intermediate could not be detected when camptothecin (1) was irradiated alone for 9 min. and only mappicine ketone (7) was obtained as the sole product.
A convenient method was developed for the preparation of 7-cyanocamptothecins and 7-cyanomappicine ketones, synthones for novel analogues of camptothecins. We utilized a one-step rapid method for the conversion of aldehydes into nitriles discovered by us [42, 43] OAc under microwave  irradiation  for  2 min. to produce 7cyanocamptothecins (yield: 28-34%) and 7cyanomappicine ketones (yield: 44-47%) (Scheme 9) [44] .
Various biochemical transformations of camptothecins were also accomplished by us [45] . (S)-Mappicine (9), a minor constituent of Nothapodytes foetida was reported to possess antitumor properties [21] . The conversion of camptothecin (1) to 9 was not previously achieved. An efficient chemoenzymatic process for this conversion was discovered by us [46] . Camptothecin (1) was converted first into mappicine ketone (7) utilizing microwave irradiation for 7 min. (Scheme 4) and subsequently mappicine ketone (7) was treated with Baker's yeast (Saccharomyces cerevisiae) in phosphate buffer solution of pH 7.2 to produce (S)-mappicine in 74% yield and 86% ee ([α] D 25 -10.66°, c 0.856; CHCl 3 -MeOH, 4:1) (Scheme 10). Naturally occurring mappicine ketone (7) was also directly used for this purpose. In a similar manner 9-methoxymappicine ketone (8) (naturally occurring or obtained from 9-methoxycamptothecin (4) by microwave irradiation for 7 min. following the Scheme 4) on treatment with Baker's yeast in phosphate buffer solution of pH 7.2 afforded the new compound, 9-methoxy-(S)-mappicine (10) group at C-20 of 16 was first hydrolyzed by Baker's yeast to form mappicine ketone (7) which was subsequently reduced to (S)-mappicine (9) .
An efficient enantioselective synthesis of (S)-and (R)-mappicines and their analogues from camptothecins was developed by us for the first time [47] . Camptothecin (1) was converted into (S)-and (R)-mappicines via mappicine ketone (7) which was prepared by microwave irradiation of 1. Reaction of 7 with NaBH 4 afforded a racemic alcohol 11 whose spectral properties were found to be identical to those of natural mappicine (9) . Acetylation of the racemic alcohol 11 with Ac 2 O and pyridine yielded racemic acetate 29 which was enantioselectively hydrolyzed using Baker's yeast or a lipase, Amano PS (Scheme 12). Treatment of racemic mappicine acetate (29) (14) was then hydrolyzed chemically to (S)-mappicine (9) (yield: 47% from 14; ([α] D 25 -11.40° (c 0.722, CHCl 3 -MeOH, 1:1), ee 92%). The structures and configurations of both products ((S)-and (R)mappicines) were established by comparison of their spectral and optical properties to those of naturallyoccurring (S)-mappicine (9) .
Following a similar sequence of conversion 9-methoxycamptothecin (4) was transferred into (S)-and (R)-9-methoxymappicines (10 and 34 respectively) (Scheme 12).
Enantioselective transesterification of racemic mappicine (12) was carried out with the lipase Candida celindraceae (CCL) [48] . The alkaloid was treated with vinyl acetate in the presence of CCL to afford (S)-mappicine acetate (14) which was subsequently hydrolysed by refluxing with 10% aqueous K 2 CO 3 solution to give (S)-mappicine (9) (yield: 45%, [α] D 25 -12.01° (c 0.927, CHCl 3 -MeOH, 1:1), ee 97%). The unchanged alcohol was identified as (R)-mappicine (33) (yield: 46%, [α] D 25 +12.02° (c 0.941, CHCl 3 -MeOH, 1:1), ee 97%) (Scheme 13). In a similar manner, from racemic 9-methoxy-mappicine (28) (S)-and (R)-analogues (10 and 34 respectively) were obtained. In conclusion, in the present review article we have briefly described our chemical investigation on the Indian plant Nothapodytes foetida which resulted in the isolation of several known and unknown camptothecins possessing anticancer and antiviral properties. A clue to the biogenetic formation of camptothecins has been indicated. Various chemical and biochemical modifications of these alkaloids carried out to generate their natural and unnatural analogues have also been presented in brief.
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